Fusion of spleen cells from a mouse immunized with chicken embryo retina cells with clonal mouse myeloma cells yielded a lymphocyte hybrid cell line that produced antibody that bound to neural tissue such as retina, brain, spinal cord, and dorsal root ganglia but not to other tissues tested. The antigen was shown by indirect immunofluorescence to be associated with plasma membranes of most, or all, neuron cell bodies in chicken retina, but little or no antigen was detected on axons or dendrites, Muller cells, or retina pigment cells. The activity of antigen A2B5 is relatively stable at 100°C, is insensitive to trypsin, exhibits the solubility properties of a ganglioside, and is destroyed by neuraminidase. Antibody A2B5 cytotoxicity against retina cells is inhibited by a GQ ganglioside fraction from bovine brain (estimated half-maximal inhibition at 0.2 AM) or by N-acetylneuraminic acid (half-maximal inhibition at 5000 MM) but not by other purified gangliosides tested. These results suggest that the antigen is a complex ganglioside in plasma membranes of retina neuron cell bodies but not axons or dendrites. Chicken embryo retina cells have been used to study biological processes that require interactions between neurons, such as cell aggregation (1, 2), adhesiveness (3), and synapse formation (4-7). To define surface molecules of retina neurons, we have used the technique, introduced by Milstein and coworkers (8-10), of antibody production by hybrid cells formed by fusion of mouse myeloma cells with spleen cells from mice immunized with chicken embryo retina cells. This approach is useful because lymphocyte hybridomas can synthesize large quantities of monoclonal antibody with specificity for a single antigen determinant. Hybridoma cell lines have been reported which synthesize antibodies specific for cell surface antigens as diverse as the Forsmann antigen (11), HLA determinants (12), tumor-specific antigens (13), and an antigen detected on human neuroblastoma cells and fetal brain (14) (also see ref. 15).
bition at 5000 MM) but not by other purified gangliosides tested. These results suggest that the antigen is a complex ganglioside in plasma membranes of retina neuron cell bodies but not axons or dendrites. Chicken embryo retina cells have been used to study biological processes that require interactions between neurons, such as cell aggregation (1, 2) , adhesiveness (3) , and synapse formation (4) (5) (6) (7) . To define surface molecules of retina neurons, we have used the technique, introduced by Milstein and coworkers (8) (9) (10) , of antibody production by hybrid cells formed by fusion of mouse myeloma cells with spleen cells from mice immunized with chicken embryo retina cells. This approach is useful because lymphocyte hybridomas can synthesize large quantities of monoclonal antibody with specificity for a single antigen determinant. Hybridoma cell lines have been reported which synthesize antibodies specific for cell surface antigens as diverse as the Forsmann antigen (11) , HLA determinants (12) , tumor-specific antigens (13) , and an antigen detected on human neuroblastoma cells and fetal brain (14) (also see ref. 15 ).
Other techniques also have been used to produce antisera against nervous system antigens. These include xenogenic immunization followed by extensive absorption with non-neuronal tissues (16, 17) and immunization with neural cell lines (18) (19) (20) , partially purified synaptosomes, plasma membranes, and protein fractions (21, 22) .
In this report we describe the characterization of a monospecific antibody synthesized by lymphocyte hybrid A2B5 cells that recognizes a surface antigen restricted to cell bodies of most, or all, retina neurons. The homogenate was centrifuged at 1000 X g for 20 min at 40C, the supernatant fraction was removed, and the pellet was extracted with 3.8 ml of methanol/chloroform/water, 2:1:0.8 (vol/vol). After centrifugation (1000 X g for 20 min at 40C), the supernatant fractions were combined (fraction A). Two milliliters of chloroform and 2 ml of H20 were added to the pooled supernatant fraction, the mixture was centrifuged at 1000 X g for 20 min, and the lower chloroform phase (fraction B) and upper methanol/H20 phase were separated. Methanol was removed from the upper phase by flash evaporation (fraction C), and the residue was tested for ability to inhibit antibody A2B5-dependent cytotoxicity. In other experiments, the upper phase was dialyzed overnight at 40C against 50 vol of H20 (changed three times) and Iyophilized, and the residue was dissolved in chloroform/methanol/H20, 10:5:1 (vol/vol) (fraction D). Solvents were removed from fractions by evaporation under a stream of nitrogen or air. The residues were dissolved in H20 and assayed for inhibition of cytotoxicity.
METHODS AND MATERIALS
GM,, GD1, and GTI were obtained from Supelco; GTI and GQ fractions were kindly provided by Peter Fishman (Laboratory of Neurochemistry, National Institutes of Health). The GQ fraction purified by DEAE column chromatography and silicic acid column chromatography (25) retina, determined by indirect immunofluorescent staining, is shown in Fig. 2 . All regions of the 16-day-embryo retina occupied by cell bodies bound antibody A2B5, but the antigen was not detected on axons or dendrites of neurons in the inner or outer synaptic layers of the retina or on axons of ganglion neurons ( Fig. 2A) . Layers of cell bodies separated from processes are not present in 8-day-embryo retina, and antibody A2B5 bound to cells in all regions of 8-day-embryo retina ( Fig.  2B) . In adult chicken retina (Fig. 2C) , antibody A2B5 bound to cell bodies of photoreceptor cells, amacrine neurons, horizontal neurons, bipolar neurons, and ganglion neurons but not to cell processes in the inner and outer synaptic layers of the retina. In this and other retina sections, the inner segments of photoreceptor cells were intensely fluorescent and fluorescence A -was detected both within the cells and on the surface membrane. Thus, the antibody may be reacting with both plasma membrane and cytoplasmic antigens. Less cesses, and formed aggregates (Fig. 3) . Antibody A2B5 bound to >60% of the cell bodies but little or no antigen was detected on cell processes. The antibody did not bind to retina pigment cells or to cells with the morphology of fibroblasts or epithelial cells (these comprise <20% of the cell population). The remaining cells that lack antigen A2B5 may be Muller cells. Antigen A2B5 was detected on the soma and on the processes of cultured chicken embryo dorsal root ganglion cells; thus, localization to the cell soma is not an invariant property of the antigen. Antigen A2B5 was assayed by inhibition of antibody A2B5-dependent cytotoxicity (Table 1 ). The antigen was inactivated only 36% on incubation at 100°C for 30 min, was insensitive to trypsin, was sedimented by centrifugation at 100,000 X g for 30 Fig. 1 . One hundred percent residual cytotoxicity corresponded to the release of 196 cpm. Each value is the mean ± SEM of three determinations. methanol, 2:1 (vol/vol). Antigen A2B5 was solubilized by extraction of 8-day-embryo chicken brain or retina with methanol/chloroform/H20, 2:1:0.3 (vol/vol). Two additional volumes of chloroform and 2 vol of H20 were added. The lower chloroform phase and the upper methanol/H20 phase were separated, taken to dryness, and assayed for inhibition of antibody A2B5-dependent cytotoxicity (Fig. 4) . All of the antigen extracted from brain or retina partitioned into the methanol/H20 phase and thus exhibited the solubility of a ganglioside. A2B5 antibody-dependent cytotoxicity was inhibited by compounds in the methanol/H20 phase (Fig. 4B) but not by material in the chloroform phase (Fig. 4A) . When material in the methanol/ Proc. Natl. Acad. Sci. USA 76 (1979) Proc. Natl. Acad. Sci. USA 76 (1979) 4917 column chromatography) on the antigenic activity was determined (Table 2) . Ihcubation with neuraminidase almost completely blocked the inhibitory effect of antigen A2B5 on antibody-dependent cytotoxicity.
The effects of partially purified ganglioside fractions and several monosaccharides on release of 5'Cr from 8-day-embryo retina cells due to antibody A2B5 cytotoxicity are shown in Fig.  5 . A GQ ganglioside fraction (ganglioside molecules with four N-acetylneuraminic acid residues) purified approximately 1000-fold inhibited cytotoxicity 50% at an estimated concentration of 0.2 MM. A crude bovine ganglioside fraction and N-acetylneuraminic acid also inhibited the cytotoxic effect of antibody A2B5 with half-maximal inhibitions estimated to be 600 and 5000 MM, respectively. Gangliosides GT1, GD1, and GM, and glucosaminic acid had little or no effect on cytotoxicity. These results suggest that antibody A2B5 (27) , acetylcholinesterase (EC 3.1.1.7) (28), nicotinic acetylcholine receptors (29) , and muscarinic acetylcholine receptors (30) .
A2B5 antigenicity was not destroyed by trypsin or by incubation at 100°C but was inactivated during incubation with neuraminidase. The antigen sedimented at 100,000 X g and was soluble in chloroform/methanol (2:1). A GQ ganglioside fraction from bovine brain purified 1000-fold inhibited the cytotoxic effect of antibody A2B5 on retina cells. The concentration for half-maximal inhibition was estimated to be 0.2 MM.
In contrast gangliosides with three or less N-acetylneuraminic acid residues that were tested had no effect on cytotoxicity at concentrations of 1 mM. Antibody A2B5 may not interact with all molecules in the GQ ganglioside fraction; thus, the observed half-maximal inhibition of cytotoxicity may be a minimal estimate of the affinity of the antigen for the antibody.
The localization of antigen A2B5 on the exterior surface of cell bodies of neurons raises questions concerning the function of the antigen. Whether the antigen is involved in the sorting out of neurites from cell bodies or in determining the relative positions of neuronal soma in the retina is unknown. However, the availability of large quantities of monoclonal antibody should be useful for further purification of the antigen, for separating populations of neurons that possess the antigen from other cell types, and for studies on the synthesis, localization, and function of the antigen.
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